Three experiments were conducted to evaluate supplementation of dried distillers grains with solubles (DGS) to spring-calving beef cows (n = 120; 541 kg of initial BW; 5.1 initial BCS) consuming lowquality forage during late gestation and early lactation. Supplemental treatments included (DM basis) 1) 0.77 kg/d DGS (DGSL); 2) 1.54 kg/d DGS (DGSI); 3) 2.31 kg/d DGS (DGSH); 4) 1.54 kg/d of a blend of 49% wheat middlings and 51% cottonseed meal (POS); and 5) 0.23 kg/d of a cottonseed hull-based pellet (NEG). Feeding rate and CP intake were similar for DGSI and POS. In Exp. 1, cows were individually fed 3 d/wk until calving and 4 d/wk during lactation; total supplementation period was 119 d, encompassing 106 d of gestation and 13 d of lactation. Tall-grass prairie hay (5.6% CP, 50% TDN, 73% NDF; DM basis) was fed for ad libitum intake throughout the supplementation period. Change in cow BW and BCS during gestation was similar for DGSI and POS (−5.0 kg, P = 0.61 and −0.13, P = 0.25, respectively) and linearly increased with increasing DGS level (P < 0.01). Likewise, during the 119-d supplementation period, BW and BCS change were similar for DGSI and POS (−72 kg, P = 0.22 and −0.60, P = 0.10) and increased linearly with respect to increasing DGS (P < 0.01). The percentage of cows exhibiting luteal activity at the beginning of breeding season (56%, P = 0.31), AI conception rate (57%, P = 0.62), or pregnancy rate at weaning (88%, P = 0.74) were not infl uenced by supplementation. In Exp. 2, 30 cows from a separate herd were used to evaluate the effect of DGS on hay intake and digestion. Supplementation improved all digestibility measures compared with NEG. Hay intake was not infl uenced by DGS (P > 0.10); digestibility of NDF, ADF, CP, and fat linearly increased with increasing DGS. In Exp. 3, milk production and composition were determined for cows (n = 16/treatment) of similar days postpartum from Exp. 1. Daily milk production was not infl uenced by supplementation (6.3 kg/d, P = 0.25). Milk fat (2.1%) and lactose (5.0%) were not different (P > 0.10). Milk protein linearly increased as DGS increased (P < 0.05) and was greater for DGSI compared with POS. Similar cow performance was achieved when cows were fed DGS at the same rate and level of CP as a traditional cottonseed meal-based supplement. Increasing amounts of DGS did not negatively infl uence forage intake or diet digestibility.
INTRODUCTION
Winter protein supplementation programs in the Southern Great Plains rely on the use of regionallyproduced feeds such as wheat middlings, cottonseed meal, and soybean meal. The corn-based ethanol industry has recently expanded, creating an abundance of dried distillers grains with solubles (DGS). The nutrient profi le of DGS (Spiehs et al., 2002) indicates that it should be an effective winter supplement for beef cattle consuming low-quality forage.
The contribution of RDP from DGS (approximately 50%) is less than that supplied from traditionally utilized oilseed meals (Waller et al., 1980; MacDonald et al., 2007; Winterholler et al., 2009a) . However, the fi rst-limiting nutrient for beef cattle consuming lowquality forage diets is RDP (Köster et al 1996; Mathis et al., 1999; Bandyk et al., 2001) . Therefore, compared with oilseed meals, feeding a similar amount of protein from DGS may result in a RDP defi ciency. Another potential concern is the relatively high fat concentration (10 to 14% DM basis, NRC, 1996) compared with cottonseed meal and wheat middlings (1 to 3% DM basis, NRC, 1996) . For cattle consuming forage-based diets, high fat concentrations reduce DMI and fi ber digestion (Moore et al., 1986; Jenkins, 1993; Hess et al., 2008) .
Previous research with DGS as a supplement for beef cows consuming low-quality forage is limited and with mixed results (Smith et al., 2001 and Doering-Resch, 2005) . Our hypothesis was that DGS would result in similar or improved cow performance compared with a traditional protein source (cottonseed meal) when fed in adequate quantity to meet the projected RDP requirement. This study was conducted to determine the effi cacy of replacing wheat middlings and cottonseed meal in an interval feeding system with DGS as the supplemental protein and energy source. A second objective was to determine the effects of different DGS feeding amounts.
MATERIALS AND METHODS
All experiments described were in accordance with an approved Oklahoma State University Animal Care and Use Committee protocol.
Exp. 1
This experiment was conducted at the Range Cow Research Center, North Range Unit, located approximately 16 km west of Stillwater, OK.
Spring-calving Angus and Angus × Hereford beef cows (n = 120; 541 ± 78 kg of initial BW; 5.1 ± 0.73 initial BCS) were assigned randomly to 1 of 5 dietary supplements in a completely randomized design. Cows were ranked by BW and BCS and allocated so that BW and BCS were similar across all treatments. Experimental supplementation began on December 6, 2007, and terminated on April 3, 2008, which encompassed both late gestation and early lactation (average calving day = March 21); the total supplementation period was 119 d. Because this study encompassed early lactation, once each cow had calved, feeding levels were increased after parturition to meet nutrient demands for lactation. The average days in milk were 13 for cows during supplementation.
Supplemental treatments (DM basis) included 1) 0.77 kg/d during gestation and 1.35 kg/d during lactation DGS (DGSL); 2) 1.54 kg/d during gestation and 2.68 kg/d during lactation DGS (DGSI); 3) 2.31 kg/d during gestation and 4.02 kg/d during lactation DGS (DGSH); 4) 1.54 kg/d during gestation and 2.68 kg/d during lactation of a blend of 49% wheat middlings and 51% cottonseed meal (POS); and 5) 0.23 kg/d during gestation of a cottonseed hull-based pellet and 4.02 kg/d during lactation DGS (NEG). All supplements, except for NEG, were fed in the meal form (not pelleted). Balance for RDP was estimated for the gestation period using Model Level 1 of NRC (1996) with hay DMI set at 2.1% of cow BW (Steele et al., 2007) , POS RDP set at 73.5% of CP (Winterholler et al., 2009a) , DGS RDP set at 51% of CP (Winterholler et al., 2009a) , and microbial effi ciency set at 11% of TDN intake (Mathis et al., 2000) . During the gestation period, the daily ration of DGSI and POS was determined by estimating the amount of DGSI needed to achieve an RDP balance (NRC, 1996) close to zero (DGSI estimated RDP balance = +5 g/d). The POS supplement treatment was formulated to provide equal CP when fed at the same amount of DM as DGSI (Table 1) , resulting in an estimated RDP balance of +112 g/d. The DGSL feeding rate resulted in a negative RDP balance (DGSL estimated RDP balance = −104 g/d), whereas the DGSH feeding rate resulted in abundant RDP (DGSH estimated RDP balance = +127 g/d). The DGSI and POS feeding rate was projected to meet energy requirements of gestating cows, with POS-fed cows projected to lose about 5 kg of BW during the gestation period due to slightly less TDN supplied (Table 1) . Energy availability in DGSL and DGSH was then projected to result in 35 kg of BW loss or 20 kg of BW gain, respectively, during the gestation period (NRC, 1996) . A barn containing 32 individual feeding stalls was used to ensure that each cow received the assigned supplement and that cows did not consume more supplement than their designated amount. During late gestation, cows were fed on Monday, Wednesday, and Friday mornings. The amount of supplement fed on each of these 3 d was determined by calculating the amount of supplement needed per week (daily supplement amount × 7 d) and dividing that amount by 3 (i.e., cows receiving POS were fed 3.59 kg/feeding; DM basis). Once each cow had calved, feeding amounts were increased to meet the nutrient demands of the cow for lactation, and supplement frequency was subsequently increased to 4 times/ wk to deliver the increased feeding amounts. During this time, supplements were individually fed on Monday, Wednesday, Friday, and Saturday mornings, which resulted in approximately a 57% increase in the amount fed weekly. The amount of supplement fed on each of these 4 d was determined by calculating the amount of supplement needed per week (daily supplement amount × 7 d) and dividing that amount by 4. To avoid detrimental effects of no supplementation on reproduction, once NEG cows had calved, they were fed the same diet as DGSH to meet nutrient demands for lactation and to help cows achieve adequate BCS at the beginning of the breeding season. Therefore, all data presented for NEG during lactation and performance measurements obtained beyond parturition represent the effects of nutrient restriction during gestation followed by a brief refeeding interval from parturition until April 3.
Individual cow BW and BCS were determined at the start of the experimental supplementation period (December 6, 2007) , after the fi rst 30 d of supplementation (January 10, 2008), before any cows had calved (February 28, 2008) , immediately after parturition, latecalving cows only (March 20, 2008) , at trial termination (April 3, 2008) , before breeding (May 19, 2008) , and at weaning (October 15, 2008) . All BW were recorded after 16-h withdrawal from feed and water. Body condition scores (scale 1 through 9; Wagner et al., 1988) were determined by the same 2 independent evaluators throughout the experiment.
During gestation, cows were managed as a contemporary group and provided ad libitum access to tall-grass prairie hay (5.6% CP; 50% TDN; 73% NDF; 1.9% crude fat; DM basis) and an increased Ca mineral supplement (25.2% NaCl; 19.6% Ca; 5.7% P; 1.1% Mg; 1,037 mg/kg Cu; 12 mg/kg Se; 3,076 mg/kg Zn; DM basis). At calving, cow/calf pairs were moved to an adjacent sacrifi ce pasture (containing little to no standing forage) where they were managed as a contemporary group and provided ad libitum access to the same harvest lot of prairie hay and the same mineral supplement. Cows continued to receive their respective experimental treatment until green forage became available (April 3, 2008) .
The assessment of N status was estimated during gestation and lactation by measuring serum urea N during each phase. Immediately after blood collection, 10-ml samples were placed on ice and then allowed to clot for 24 h at 4° C. After centrifugation (1,500 × g for 20 min), sera were harvested and stored at −20°C for subsequent analysis of serum urea N. Serum urea N concentration was measured using a commercially available kit (Teco Diagnostics, Anaheim, CA) and a microplate reader at 620 nM (96 well plate). The intrassay CV was 7.5% and the interassay CV was 5%.
The percentage of cows cycling at the beginning of the breeding season was determined by quantifying progesterone concentration (Vizcarra et al., 1997) in 10-ml blood samples obtained via tail venipuncture 14 and 7 d before breeding and again on d 1 of the breeding season, corresponding to an average of 45, 52, and 59 d postpartum, respectively. Immediately after blood collection, tubes were placed on ice until plasma was harvested via centrifugation as described above. Cows with one or more plasma samples containing ≥0.5 ng/mL of progesterone were considered to have luteal activity. Cows were artifi cially inseminated from May 19 through June 14, 2008, followed by natural mating from June 23 through July 21, which resulted in a 63-d breeding season. Cows were observed each morning and evening for 1 h to detect estrus; all cows detected in estrus were artifi cially inseminated approximately 12 h after observation of standing to be mounted. First service conception rate was determined by transrectal ultrasonography approximately 35 d after AI; overall pregnancy rate was determined by rectal palpation at weaning on October 15, 2008.
Birth weight of each calf was determined within 24 h after birth, and all male calves were castrated at this time. 2 At parturition, cows assigned to the NEG supplement were switched to the DGSH supplement to meet the nutritional demands for lactation and to minimize BCS loss by the beginning of the breeding season.
3 Values for ruminally degradable protein were obtained using measurements from a separate in situ experiment (Winterholler et al., 2009a) . 4 Calculated using actual supplement chemical composition and the summative equations from NRC (2001). Adjustments were included for in situ true NDF digestibility and the partial fatty acid digestibility coeffi cient from Exp. 2.
Calf BW also was obtained on May 5, 2008, June 5, 2008, and  Statistical Analysis. For all statistical analysis, cow was considered the experimental unit because supplements were fed individually to each cow. Continuous data were analyzed as a completely randomized design using the MIXED procedure (SAS Inst. Inc., Cary, NC) and the Satterwaite approximation for degrees of freedom. The model for cow performance included supplemental treatment as a fi xed effect and cow age and days on supplementation before calving as covariates. Preplanned contrasts included no supplementation vs. supplementation and DGSI vs. POS. Linear and quadratic orthogonal polynomial contrasts were evaluated for feeding levels of DGS. For lactation, the contrast for no supplementation vs. supplementation was not included in the analysis because the NEG treatment was removed during lactation. For all analyses, differences in treatment means were assessed at α = 0.05.
Data for serum urea N were analyzed as a completely randomized design using the MIXED procedure of SAS. Preplanned contrasts included no supplementation vs. supplementation and DGSI vs. POS. Linear and quadratic orthogonal polynomial contrasts were evaluated for feeding levels of DGS. For lactation, the contrast for no supplementation vs. supplementation was not included in the analysis as the NEG treatment was removed during lactation. For all analysis, differences in treatment means were assessed at α = 0.05.
Data for reproductive performance were analyzed using the Glimmix procedure of SAS, assuming a binomial distribution and supplement served as a fi xed effect. Least squares means are reported in all tables, except for the percentages of cows exhibiting luteal activity, pregnancy rate, and fi rst service conception rate, which are raw means.
Exp. 2
Animals. This experiment was conducted at the Range Cow Research Center, North Range Unit, near Stillwater, OK. Thirty cows in midgestation from a separate cow herd were used to determine the effects of DGS supplementation on hay intake and apparent total tract digestibility. Cows were assigned randomly to 1 of 2 collection periods in a randomized complete block design. Three cows from each treatment combination were represented during each period. Cows were given ad libitum access to the same prairie hay that was fed in Exp. 1. Supplements were fed on Monday, Wednesday, and Friday mornings. Cows were maintained in individual outdoor 3.7 × 9.1 m pens so that they would be exposed to the same environmental conditions as cows in Exp. 1.
Each 16-d period consisted of 7 d of adaptation to the diet, pens, and hay feeders and 9 d of data collection. Hay intake was measured from d 8 through 14, and fecal grab samples were collected twice daily at 0800 h and 1600 h, from d 10 through 16 to estimate fecal output from acid detergent insoluble ash concentration. Supplement, hay, ort, and fecal samples were dried at 50°C and ground in a Wiley mill (Model-4, Thomas Scientifi c, Sweedesboro, NJ) to pass a 2-mm screen before analysis. After grinding, supplement and hay samples were composited within period; ort and fecal samples were composited by cow. All composite samples were analyzed for DM, NDF, ADF, CP, crude fat, GE, and acid detergent insoluble ash concentration. Subsamples of supplements, hay, and orts were dried at 100°C to determine DM. Neutral detergent fi ber and ADF content were determined using an ANKOM Fiber Analyzer (ANKOM Technology, Macedon, NY) according to manufacturer's instructions. Crude protein was determined using a Leco NS-2000 Nitrogen Analyzer (Leco Corporation, St. Joseph, MI) as described by Bilous (1999) , crude fat was determined by ether extraction (AOAC, 1996) , and acid detergent insoluble ash was determined as the residue after complete combustion of the ADF residue (Van Soest et al., 1991) . The GE of the supplements, hay, orts, and feces were determined using an isoperibol bomb calorimeter (model number 1281, Parr Instrument Co., Moline, IL). The P of the supplements, hay, orts, and feces were determined by Dairy One Forage Testing Laboratory, Ithaca, NY. Apparent total tract DM, OM, CP, GE, and crude fat digestibility as well as NDF and ADF digestibility were calculated for each cow. Additionally, digested DMI (DMI kg/100kg of BW x DM digestibility), digested OM intake, and DE intake were calculated for each cow.
Statistical Analysis. Intake and digestibility measurements were analyzed as a randomized complete block design using the MIXED procedure of SAS and Satterwaite approximation for degrees of freedom. The model included supplement as a fi xed effect and collection period as a random variable. Preplanned contrasts included no supplementation vs. supplementation and DGSI vs. POS. Linear and quadratic orthogonal polynomial contrasts were evaluated for feeding levels of DGS. For all analysis, differences in treatment means were assessed at α = 0.05.
Exp. 3
Animals. This experiment was designed to evaluate the effects of supplemental nutrient source on milk yield and composition. Milk production was determined using the weigh-suckle-weigh method. Sixteen cows of similar days postpartum from each treatment described in Exp. 1 were used in the analysis. The evening before the experiment, all calves were isolated from their dams at 1800 h, and the next morning at 0545 h calves were reunited with cows and allowed to nurse until satiety. Nursing was to empty the udder to ensure equal status before determining production. After nursing, calves were again separated from dams, and at 1145 h, calves were weighed and reunited with dams to nurse to satiety. After nursing, calves were weighed again, and the difference in BW corresponded to a 6-h estimate of milk production for the cow. After being weighed, calves were again separated from dams, and the same procedure was repeated at 1745 h to obtain another 6-h estimate of milk production. The 2 estimates of 6-h milk production were used to extrapolate a 24-h milk production estimate. Additionally, milk production of the entire cowherd was evaluated by calf BW obtained on May 5, 2008 , June 5, 2008 , and at weaning on October 15, 2008.
The same cows used in the weigh-suckle-weigh procedure were used to determine the effects of DGS supplementation on milk composition by machine milking. The experimental procedures for evaluating milk composition were adapted from Marston et al. (1992) and took place over a 5-d period. Before milking each day, pairs were gathered at approximately 1600 h. The calves were then separated from their dams until 2200 h when pairs were reunited with calves and were allowed to nurse their dams ad libitum but for <45 min. After nursing, cows and calves were separated again until milking was completed. Milking was initiated at 0700 h the next morning and was completed by 1300 h. Cows were provided prairie hay and water free choice during this period.
Before milking, 1.0 mL of oxytocin (20 USP units/ mL, intramuscularly; Phoenix Pharmaceutical Inc., St. Joseph, MO) was administered to each cow to facilitate milk ejection. Cows were then individually milked using a portable milking machine. When milk fl ow ceased from all quarters, the milking apparatus was removed, and each teat was hand-stripped to ensure complete emptying of each quarter. Milk collected from the milking machine was combined with milk from hand-stripping. After thorough mixing, a 50 mL subsample was obtained and preserved with 2-bromo-2-nitropropane-1,3-diol and shipped to the Heart of America DHIA (Manhattan, KS) for analysis of milk urea N, protein, milk fat, lactose, and solids not fat.
Statistical Analysis. Cow was considered to be the experimental unit for milk production and composition analysis. The model statement for milk production included supplement as a fi xed effect and cow age as a covariate. The model for milk composition included supplement as a fi xed effect and day postpartum as a covariate. Preplanned contrasts included no supplementation vs. supplementation and DGSI vs. POS. Linear and quadratic orthogonal polynomial contrasts were evaluated for feeding levels of DGS. For lactation, the contrast for no supplementation vs. supplementation was not included in the analysis because the NEG treatment was removed during lactation. For all analysis, differences in treatment means were assessed at α = 0.05.
RESULTS AND DISCUSSION

Exp. 1
Cow BW and BCS. Data for cow BW, BW change, BCS, and BCS change are presented in Table 2 . Cow BW and BCS loss was substantially greater for NEG cows than for supplemented cows during gestation. As previously documented, unsupplemented cows exposed to similar conditions suffer a dramatic loss in BCS (1.66 units of BCS; Steel et al., 2007) . In the present study, NEG cows lost 0.82 units of BCS during late gestation. Once NEG cows had calved, they were realimented for an average of 34 d with the DGSH treatment in an effort to improve BCS and obtain a positive energy balance before breeding. During this time, BCS loss was similar among treatments (0.34 units of BCS). Although by feeding DGSH during early lactation, cows originally assigned to the NEG treatment group received 1.2× maintenance requirements, BCS for NEG cows remained less (P < 0.01) than other treatment groups at the end of the 119-d supplementation period and at the beginning of the breeding season in May (Table 2) .
Change in cow BW and BCS during late gestation, early lactation, and through the entire 119-d supplementation period was similar (P > 0.10) for DGSI and POS ( Table 2) . As a result, cow BW and BCS was similar (P > 0.60) between these 2 treatments at the end of the supplementation period and at the initiation of the breeding season. Although DGSI supplied additional RUP and TDN, compared with POS, DGSI was not more effective in preserving cow BW or BCS. Previous work conducted at this location under similar conditions also indicated no advantage of additional supplemental RUP beyond 142 g/d supplied by soybean meal (Lents et al., 2000) . Similarly, Winterholler et al. (2009c) found no difference in cow BW and BCS change when cows received an additional 0.75 kg/d of supplemental TDN for a 95-d period. However, Marston and Lusby (1995) documented increased cow BW and BCS gain when provided 0.9 kg additional TDN over a 120-d period. Apparently, under these conditions, it is diffi cult to achieve a signifi cant increase in cow BW and BCS by modest increases in supplemental energy intake (0.31 to 0.75 kg of TDN/d) for a 3-to 4-mo period.
Previous work at our research station indicated that supplementation with high-fat protein feeds reduced cow performance (Banta et al., 2006 (Banta et al., , 2008 Steele et al., 2007) . In a scenario similar to the present study, when cows were interval-fed whole sunfl ower seeds to provide 0.94 kg/d fat on supplementation day, cow BW and BCS were reduced during the supplementation period (Banta et al., 2006) . Likewise, when 0.35 kg/d of supplemental fat was supplied on the day of supplementation, BW was less for cows interval-fed drought stressed soybeans during gestation; however, BCS was not different compared with a low-fat control (Steele et al., 2007) . In another intervalfeeding experiment, Banta et al. (2008) reported reduced cow BW and BCS when gestating cows received 0.51 kg of fat from whole soybeans on the day of supplementation compared with a low-fat control. In the present study, we did not observe a deleterious effect of supplying supplemental fat from the interval feeding of DGS because BCS and BW during the supplementation period were greater for DGSH (P < 0.01) relative to other supplemental treatments. In a recent review, Hess et al. (2008) indicated that, to avoid the potential negative impacts of fat supplementation, added fat should be included at no more than 3% of diet DM for cattle consuming high-forage diets. For our experiment, prairie hay intake for cows during gestation averaged 2.57% of BW for cows fed DGS. On the basis of this level of hay intake, during gestation, daily fat intake was 3.3% of diet DM with 1.7% added fat from DGS for DGSH cows, and on the day that cows were supplemented, fat intake accounted for 4.7% of diet DM with 3.4% added fat from DGS. For lactation, assuming hay intake was 3.0% of BW, daily fat intake was 4.0% of DM with 2.5% added fat from DGS and was 5.3% of diet DM on the day that cows were supplemented with 4.3% added fat from DGS for DGSH cows.
Although cow performance was not compromised by the DGSI treatment (and presumably the additional dietary fat) in the current experiment, supplemental energy utilization was ineffi cient when gauged by the ability to minimize cow BW and BCS loss.
Feeding increasing amounts of DGS resulted in a linear reduction in loss of cow BW and BCS (P < 0.01) prepartum, postpartum, and, therefore, over the 119-d supplementation period (Table 2) . Cows fed DGSH maintained the greatest BCS during this period (P < 0.05). The lack of a quadratic response in these variables suggests that maximum response from feeding increasing amounts of DGS may not have been achieved by the DGSH feeding level.
We did not observe any feed refusals or signs of acidosis or polioencephalomalacia, even though the DGSH cows received 5.39 kg (or 1 kg/100 kg of mean cow BW) on feeding days during gestation and 7 kg (or 1.3 kg/100 kg of mean cow BW) of DGS on feeding days during lactation. Calf Performance. Calf birth weight was infl uenced by prepartum supplementation and linearly increased with respect to increasing levels of DGS (Table 3 ). The infl uence of pre-partum supplementation on calf BW has been well researched and results are mixed. Some report that calf BW is related to prepartum plane of nutrition (Wiltbank et al., 1962; Houghton et al., 1990; Spitzer et al., 1995) , whereas others report no difference (Hough et al., 1990; Wiley et al., 1991; Lake et al., 2005) . Interestingly, in the present study, calf birth weight was similar for POS and NEG (P = 0.74), although lower compared with DGSI (P < 0.05). Perhaps added energy from DGS was partitioned to support fetal growth.
Calf BW at 60 and 90 d of age tended to increase linearly (P = 0.06 and P = 0.07, respectively) with increasing level of DGS supplementation. Similarly, Lalman et al. (2000) indicated that 90-d calf ADG was linearly related to supply of postpartum supplemental energy. Also, Perry et al. (1991) indicated that calf BW at 70 d was related to postpartum energy intake of the cow. Calf BW at weaning tended (P = 0.10) to increase with increasing amounts of maternal DGS supplementation during the winter. Additional work is needed to determine whether this tendency is repeatable and whether the potential gain in calf BW at weaning is economical.
Reproductive Performance. Data for cow BW and BCS at the initiation of the breeding season are provided in Table 2 , and reproductive performance is provided in Table 4 . The percentage of cows with luteal activity (P = 0.31), AI conception rate (P = 0.68), and overall pregnancy rate (P = 0.74) were not infl uenced by previous plane of nutrition, supplemental nutrient source, or rate of DGS supplementation. These results are not unexpected with the limited experimental units available; approximately 100 experimental units per treatment would be necessary to ensure that a Type II error was not present using α = 0.05.
Previous research with the infl uence of supplementation with DGS on reproductive performance of mature cows consuming low-quality forage during winter is limited. Smith et al. (2001) reported no difference in pregnancy rate when mature cows received DGS or alfalfa hay as the supplemental protein source. Engel et al. (2008) indicated that supplementing heifers with approximately 40% DGS added to ground hay diet from d 190 of gestation through calving did not infl uence the percentage of heifers in estrus at the beginning of the breeding season, but tended (P = 0.058) to increase fi nal pregnancy rate, compared with a positive control. Likewise, Martin et al. (2007) indicated that supplementation of beef heifers with 0.60% BW of DGS, compared with a control supplement, increased AI conception rate, tended to increase AI pregnancy rate, but did not significantly infl uence overall pregnancy rate.
Of additional concern with respect to the infl uence of DGS on reproductive performance is the potential 2 Percentage of cows with luteal activity at the beginning of the breeding season.
negative effects caused by feeding excess CP. In dairy cows, feeding increased amounts of both RDP and undegradable intake protein caused a reduction in uterine pH which could have had detrimental impacts on embryo survival (Elrod and Butler, 1993; Elrod et al., 1993) . Because of limited experimental units in the present study, we were unable to accurately assess this possibility. More research is needed to evaluate supplementation of greater feeding amounts of DGS to low-quality forage-based diets to better investigate this concept. Serum Urea Nitrogen (SUN). Data for SUN measured during gestation and lactation are presented in Table 5 . The concentration of SUN was greater during lactation, compared with gestation (P < 0.01) for all treatments. Some of this difference was due to increased supplement feeding rate and, therefore, N intake during early lactation because SUN concentration is related to N intake (Jordan et al., 1983; Rusche et al., 1993; Sletmoen-Olson et al., 2000) .
Much like estimated RDP balance, SUN concentrations for DGSH and POS were similar (P = 0.66 and P = 0.90 for gestation and lactation, respectively; data not shown), despite greater CP intake with DGSH. In this experiment, estimated RDP balance provided a more accurate index for SUN concentration than did dietary CP intake. Greater concentrations of SUN and milk urea N are typically related to ineffi cient use of N (Hammond, 1997) and increased urinary N excretion (Kohn et al., 2005) . During both gestation and lactation, SUN concentration was greater for POS vs. DGSI (P < 0.01) and likely refl ects the expected abundance of ruminally available N for POS-fed cows. Data addressing the effects of ruminal protein degradability on SUN concentrations are mixed. In a N defi cient state, Hennessey and Williamson (1990) indicated that SUN was less for steers and heifers supplemented with ruminally protected casein, compared with urea, and the decreased SUN for casein translated to an increased ADG. Additionally, Rusche et al. (1993) reported that SUN was increased by a more highly degradable N source. However, when adequate N was supplied, Roseler et al. (1992) demonstrated that SUN was increased to the same magnitude when either RDP or undegradable intake protein was supplied in excess.
Exp. 2
Data for measurements of hay intake and digestibility of dietary components are presented in Table 6 . Supplemented cows consumed 18 to 31% more hay (P < 0.01) than did unsupplemented cows. This response to protein supplementation was similar to that reported by Steele et al. (2007) under similar conditions. Neither protein source (P = 0.20) nor DGS amount (P = 0.16) affected the amount of hay consumed. Previous research with supplementation of DGS in growing cattle has resulted in a linear decrease in forage intake with respect to increasing feeding levels of DGS (Loy et al., 2007; Morris et al., 2007; Winterholler et al., 2009b) . Intake of chopped grass hay (8.2% CP; 56% in vitro OM disappearance) was reduced by 0.50 kg for each 1 kg of DGS consumed at feeding levels of up to 0.60% BW (Loy et al., 2007) . Similarly, Morris et al. (2007) reported that DGS reduced the intake of both low-and high-quality bromegrass hay by growing heifers supplemented with up to 0.95% of BW with DGS, replacing 0.32 kg of low-quality hay and 0.53 kg of high-quality hay. Winterholler et al. (2009b) fed increasing amounts of DGS, up to 1.65% of BW DGS to weaned calves and reported that intake of low-quality prairie hay was reduced by 0.34 kg for each 1 kg of supplemental DGS.
According to Morris et al. (2007) , forage quality infl uenced the magnitude of the substitution ratio (DGS:forage), with a greater ratio for high-quality forage compared with low. In the study of Winterholler et al. (2009b) , forage supplied was of similar composition to that used in this study, but the feeding range of DGS was greater than in this experiment. As a percentage of BW, DGS intake for DGSH corresponded to approximately 0.50% BW. One reason that we did not observe a reduction in intake of prairie hay by DGS was because our feeding range was less than aforementioned studies with low-quality prairie hay. In addition, animal age and stage of production could have infl uenced substitution rate; we are not aware of data on the infl uence of forage intake by DGS supplementation in mature, gestating beef cows.
Dry matter and OM intake and digestibility were increased by supplementation (P < 0.05; Table 6 ). However, supplement source did not infl uence apparent DM digestibility (P = 0.38), OM intake (P = 0.43), apparent OM digestibility (P = 0.14), or digestible OM intake (P = 0.91). Increasing amounts of DGS resulted in a linear increase in OM intake (P < 0.01), digestible OM intake (P < 0.01), and DE intake (P = 0.04). These improvements in energy available to the cow would be expected with increasing amounts of a highly digestible supplement and no concomitant decrease in hay intake.
Apparent digestibility of crude fat increased with increasing DGS and was greater for both DGSI and DGSH, compared with POS (P < 0.05). Fat intake was 83% greater from DGSH, compared with POS, and was 63% greater for DGSI than POS. This agrees with other work indicating that apparent digestibility of crude fat is increased with intake of supplemental ether extract (Palmquist and Conrad, 1978; Moore et al., 1986; Winterholler et al., 2009 c) . Also, the partial digestion coeffi cient of supplemental fat was estimated from Exp. 2 data according to the equation suggested by Grummer (1988): [(dried distillers grains with solubles fat intakesolvent extracted cottonseed meal/wheat middlings blend fat intake) -(dried distillers grains with solubles fat output -solvent extracted cottonseed meal/ wheat middlings blend fat output)]/ (dried distillers grains with solubles fat intake -solvent extracted cottonseed meal/wheat middlings blend fat intake).
The resulting partial digestibility of supplemental fat from DGSI was 96% and for DGSH was 95%. A similar calculation yielded a partial digestibility coeffi cient for supplemental fat of 93% when cows were provided 0.11 kg/d supplemental fat from extruded, expelled cottonseed meal (Winterholler et al., 2009c) . The values obtained in this experiment indicate that supplemental fat from DGS was highly digestible.
Supplementation improved ADF (P = 0.03) and NDF (P = 0.01) digestibility, while source of supplemental protein had no impact on ADF (P = 0.28) or NDF (P = 0.21) digestibility. Increasing amounts of DGS supplementation did not infl uence NDF digestibility (Linear, P = 0.43), although a signifi cant linear increase (P = 0.04) in ADF digestibility was noted. Others have reported that apparent total tract digestibility of ADF and NDF was increased by increasing levels of highly fermentable dietary fi ber (Tjardes et al., 2002a,b) .
The digestibility of CP increased as level of supplemental protein increased (P < 0.01), which agrees with others (Guthrie and Wagner, 1988; Köster et al., 1996) .
Data for fecal excretion and digestibility of P are shown in Table 6 . Fecal excretion of P was greater for POS than DGSI (P = 0.02), with greater apparent digestibility of P in DGSI, compared with POS (P = 0.03). Concentration of P was 0.87% in DGS and was 1.05% in POS, resulting in a P intake from the supplement of 17.1 and 14.4 g/d from POS and DGSI, respectively. We are not aware of research to evaluate the digestibility of P from DGS in high-forage diets in ruminants; as cost of P supplementation continues to increase, this is an area that merits further investigation.
Exp. 3
Data for milk production are presented in Table 7 . Calculations for 24-h milk production did not differ (P = 0.68) between the realimented NEG group and other supplemented groups. A numerical increase (P = 0.14) in milk production was noted with respect to increasing feeding levels of DGS. Others have reported a relationship between energy intake and increased milk production in beef cows (Wilson et al., 1969; Marston et al., 1995; Lalman et al., 2000) . Lalman et al. (2000) reported that milk production increased linearly with increasing energy at 60 d postpartum but not at 30 d. In our study, the average day postpartum was 29 and may have infl uenced our ability to detect a statistically signifi cant change in milk production because peak milk production is typically achieved within the range of 50 to 70 d postpartum (Clutter and Nielsen, 1987; Marston et al., 1992) . However, the trend that we observed for increased milk production by increasing level of DGS was supported by a trend for heavier calf BW at 60 and 90 d (P = 0.06 and P = 0.07, respectively; Table 3) .
Results for milk composition are provided in Table 7 . Milk fat and lactose were not infl uenced by supplementation (2.11%, P = 0.21; 4.97%, P = 0.10, respectively). Milk protein was linearly infl uenced by levels of DGS (P < 0.05).
Milk fat linearly decreased as feeding level of DGS increased and milk protein increased. Across a broad range of energy intakes, Lalman et al. (2000) reported a quadratic response with respect to increasing energy on milk fat as well as a linear increase in milk protein with increasing dietary energy. This response was similar to ours and supports the idea outlined by Sutton and Morant (1989) that energy intake increases glucogenic precursors due to propionic acid production and, consequently, nutrient metabolism shifts from synthesis of milk fat to protein.
Milk energy availability (Mcal NE m /d) is a function of milk protein, carbohydrate, fat, and milk yield (NRC, 1996) . In our study, daily milk energy was not infl uenced by supplement type (P = 0.97) and averaged 4.70 Mcal/d but was linearly related to feeding level of DGS when expressed as Mcal/kg of milk. Sixty day and 90-d calf performance tended (P = 0.06 and P = 0.07, respectively) to increase linearly with increasing level of DGS; the calculations for milk production together with calf performance support the trend that we observed for increased milk production by feeding greater amounts of DGS. Milk urea N is related to SUN (Roseler et al., 1993; Baker et al., 1995) . During lactation, SUN concentrations for POS were greater than for DGSI at all sampling points (Table 5) . Likewise, concentration of milk urea N was greater for POS than for DGSI, whereas milk protein was greater for DGSI than for POS (Table 7) . Taken together, these data provide further evidence that beef cows are able to make more effi cient use of N from DGS than from POS.
In summary, feeding the same amount of DGS as a traditional cottonseed meal-based supplement yielded similar responses for the variables evaluated in these experiments, and we provide evidence that beef cows make more effi cient use of N from DGS than from a traditional protein source. Interval feeding relatively large quantities of DGS did not have a negative impact on animal performance or on hay intake and diet digestibility. More research is needed to better understand the interactions among DGS feeding rates, forage quality, duration of supplementation, and nutrient balance/excretion. The effects of long-term use of DGS in range cow settings also need to be investigated. We conclude that DGS is a viable supplement option for beef cows consuming lowquality forage.
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